OncoTargets and Iherapy 



Q Open 



Access Full Text Article 



Dovepress 

open access to scientific and medical research 

ORIGINAL RESEARCH 



ID2 predicts poor prognosis in breast cancer, 
especially in triple-negative breast cancer, 
and inhibits E-cadherin expression 



Kal Li''^* 
LingYao'* 
Li Chen''2 
Zhi-Gang Cao''^ 
San-Jian Yu''^ 
Xia-YIng Kuang''^ 
Xin Hu' 

Zhl-MIng Shao'-^ 

'Department of Breast Surgery, Key 
Laboratory of Breast Cancer in 
Shanghai, Fudan University Shanghai 
Cancer Center, ^Department of 
Oncology, Shanghai Medical College, 
^Institutes of Biomedical Science, 
Fudan University, Shanghai, People's 
Republic of China 

*These authors have contributed 
equally to this v/ork 



Correspondence: Xin Hu 
Department of Breast Surgery, 
Shanghai Cancer Center and Cancer 
Institute, Fudan University, 399 Ling- 
Ling Road, Shanghai, 200032, People's 
Republic of China 
Tel +86 2 1 64 1 7 5590 (ext 83423) 
Email xinhu.nlorg@gmail.com 

Zhi-Ming Shao 

Department of Breast Surgery, 
Shanghai Cancer Center and Cancer 
Institute, Fudan University, 399 Ling- 
Ling Road, Shanghai, 200032, People's 
Republic of China 
Tel +86 21 6443 4556 
Email zhimingshao@l63.com 



This article was published in the following Dove Press journal: 
OncoTargets and Therapy 
ISJune 2014 

Number of times this article has been viewed 



Background: Inhibitors of DNA-binding (ID) proteins are known as important modulators 
in the regulation of cell proliferation and differentiation. This study sought to investigate the 
prognostic value of ID proteins in breast cancer 

Methods: The prognostic role of ID proteins in human breast cancer was investigated in 
250 breast cancers, via tissue microarrays. The messenger (m)RNA and protein levels of 
E-cadherin were examined by quantitative reverse-transcription polymerase chain reaction 
(qRT-PCR) and Western blotting, in cells overexpressing IDs. Dual-luciferase report assay was 
used to investigate the potential mechanism, and a migration assay was performed to investigate 
the influence of IDs on cell migratory activity. 

Results: The survival analysis with Kaplan-Meier and Cox regression showed that ID2 expres- 
sion level, which correlated with estrogen receptor status and E-cadherin abundance, served 
as an independent prognostic factor for disease-free survival (DPS) (P=0.013). The prognostic 
value of ID2 for DPS was most significant in triple-negative breast cancer patients (P=0.009). 
We also found that ID2 was negatively correlated with E-cadherin expression by correlation 
analysis (^=0.020, Pearson's R=-0. 155). Subsequently, we explored the biological rationale and 
uncovered that the enforced expression of ID proteins could suppress E-cadherin expression 
significantly, thus increasing the migration ability of mammary epithelial cells. Then using a 
combination of ID2 and E-cadherin expression, the patients were classified into four subgroups 
with different DPS (P=0.023). 

Conclusion: The overexpression of ID2 can be used as a prognostic marker in breast cancer 
patients, especially in triple-negative breast cancer patients. ID proteins were still, unexpectedly, 
revealed to inhibit E-cadherin abundance. 
Keywords: breast cancer, prognosis, biomarker 

Background 

Inhibitors of DNA-binding (ID) proteins belong to the family of basic Helix-Loop- 
Helix (bHLH) proteins, which contain the highly conserved HLH domain and regulate 
cell-specific gene expression. Most bHLH proteins can bind to the E-box element on 
DNA, except for the ID proteins, which have no DNA-binding domains. These proteins 
interact with bHLH transcription factors to form heterodimers via the common HLH 
domain and thus, act as dominant negative regulators of these transcription factors.' 
The bHLH transcription factors have been reported to regulate a great number of 
genes by binding their DNA elements, termed E-boxes, in the promoter region of the 
target genes. ^ Four members of the ID family have been identified, consisting of IDl, 
ID2, ID3, and ID4. Aberrant expression levels of the ID proteins have been reported 
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in a variety of cancers, such as breast cancer, ovarian cancer, 
colon cancer, and rectal cancer,^ which indicates that ID 
proteins are involved in cancer progression. Studies have 
suggested that ID proteins act as crucial factors that regulate 
tumor progression and have shown they play a role in tissue 
invasion,''-' tumor angiogenesis,*' cancer cell survival, and 
metastasis.^ ' ID proteins have also been found to be abundant 
in proliferating tissues, such as adult and embryonic stem cell 
populations.'" Here, these proteins have been shown to inhibit 
cell differentiation, implying that ID proteins could preserve 
cells in an immature state. Recently, ID proteins have been 
reported to be associated with the epithelial-mesenchymal 
transition (EMT) process." '^ However, the predictive val- 
ues of ID proteins for breast cancers, and their underlying 
molecular mechanisms, have not been elucidated. 

E-cadherin has been referred to as a hallmark of the 
EMT process, which is a critical mechanism of tumor 
progression.'^ The process of tumor invasion involves the 
loss of cell adhesion, the gain of cell mobility and migra- 
tion, as well as active intravasation and extravasation through 
the lymphatic or blood vessels, especially in the case of 
epithelial tumors, such as breast cancer.'^ '* Cell adhesion 
is mediated by several complexes in which the E-cadherin/ 
catenin adhesion system plays a crucial part.''"" Many stud- 
ies have demonstrated that E-cadherin plays a key role in 
the maintenance of structural integrity and cell polarity^"-^' 
and that the repression of E-cadherin could result in the loss 
of adherens junctions, lateral cell-cell contact, and apical- 
basolateral polarity.^^-^ The loss of adherens junctions is 
generally followed by cytoskeletal rearrangements that result 
in increased cell motility, which is a prerequisite to invasive- 
ness and metastasis.^'*'^' 

In this study, we examined the expression profiles of 
ID proteins (IDl, ID2, and ID3) in breast cancer tissues 
and unexpectedly found that ID2 protein expression was 
negatively correlated with E-cadherin abundance in breast 
cancers. We showed that ID2 might be a valuable predictive 
marker for survival in breast cancer patients. Additionally, our 
results provide further biological evidence that ID proteins 
can suppress E-cadherin expression and upregulate the migra- 
tion ability in mammary epithelial cells, thus uncovering the 
underlying relevance between ID proteins and E-cadherin in 
breast cancers. 

Methods 

Study population 

This study involved 250 breast cancer patients who had patho- 
logically invasive ductal breast cancer and had a follow-up of 



at least 5 years. Their diagnoses were revalidated by at least 
two pathologists. The specimens from these patients were 
collected by the Department of Breast Surgery in Fudan 
University Shanghai Cancer Center, Shanghai, People's 
Republic of China, from August 2001 to March 2006. This 
study was approved by the Ethics Committee of Fudan Uni- 
versity Shanghai Cancer Center, and each participant signed 
an informed consent document. 

Tissue microarrays (TMAs) 

TMAs were constructed from archival formalin-fixed, paraf- 
fin wax-embedded samples of carcinomas obtained from the 
250 breast cancer patients described above. Tissue cylinders, 
with a diameter of 2 mm, were punched from the previously 
marked tumor area of each block (donor block) and inserted 
into a recipient paraffin wax block, resulting in a 1 Ox 1 0 array. 
Tissue samples from all 250 patients were punched twice into 
the microarray to compare the staining patterns in different 
areas of the same tumor 

Immunohistochemistry 
experimental procedures 

Immunohistochemistry for IDl, ID2, ID3, and E-cadherin 
was performed on the TMAs, using a two-step proto- 
col (En Vision™ Detection Systems, Dako, Glostrup, 
Denmark). The TMAs were dewaxed with xylene, gradually 
hydrated with gradient ethanol, and washed with phosphate- 
buffered saline (PBS). Antigens were retrieved by boiling 
the TMAs in citrate buffer (pH 6.0) at 121°Cfor 15minutes. 
Endogenous peroxidase was blocked by incubating the 
TMAs in 3% H^Oj solution. Then, the slides were washed 
in PBS for 10 minutes, blocked with 10% normal goat 
serum (CW0130; CWBIO, Beijing, People's Republic of 
China) for 30 minutes at 37°C, and incubated with Anti- 
ID 1 (IDl RabMab®; Epitomics, Inc., Burlingame, CA, 
USA), anti-ID2 (ID2 [D39E8] Rabbit mAb; Cell Signaling 
Technology, Inc., Danvers, MA, USA), anti-ID3 (Abgent, 
San Diego, CA, USA), anti-E-cadherin (BD Biosciences 
Pharmingen, San Diego, CA, USA) at 4°C overnight. The 
antibody dilution was 1 :200 for the ID antibodies and 1 :400 
for E-cadherin antibody. The immunoreactive products 
were visualized by the catalysis of 3, 3-diaminobenzidine 
by horseradish peroxidase (EnVision™ Detection Sys- 
tems), following extensive washings. The TMAs were then 
counterstained with Gill hematoxylin (BA-5021, Zhuhai, 
People's Republic of China) and dehydrated in ascending 
grades of ethanol, and finally, cleared in xylene and mounted 
under a coverslip. 
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Evaluation of immunohistochemistry 
analysis 

Each preserved specimen was examined twice by two dif- 
ferent examiners, and both examiners were blinded to the 
results. The specimens with discordant interpretations were 
reviewed until an agreement was reached. The positive 
expression of IDl, ID2, and ID3 was defined by nuclear 
staining, while the positive expression of E-cadherin was 
defined by staining in intercellular adherens junctions. The 
staining was classified semiquantitatively according to the 
staining index (SI) (range 0-9), which was calculated by 
multiplying the results of the intensity score (0= no staining; 
1+= faint/equivocal; T= moderate; and 3+= strong) and the 
distribution score (0= no staining; 1+= staining of < 10% of 
cells; 2+= staining of 10% to 50% of cells; and 3+= stain- 
ing of >50% of cells). For this study, a moderate/strong 
nuclear staining (SI =3-9) was defined as positive staining, 
while a weak or negative staining (SI =0-2) was defined as 
negative staining. ^'-^^ The staining information for estrogen 
receptor (ER), progesterone receptor, and HER-2 (human 
epidermal growth factor receptor 2) were obtained from the 
patients' medical files. 

Statistical analysis 

Disease-free survival (DPS) was defined as the length of time 
from the date of surgery to any of the following: invasive 
breast cancer local recurrence, contralateral primary breast 
cancer, distant metastasis, or breast cancer-specific death. 
Local recurrence was confined to the ipsilateral breast, chest 
wall, and nodes, including ipsilateral axillary, supraclavicu- 
lar, and internal mammary lymph nodes. Distant metastases 
comprised distant lymph nodes, bone, or visceral organs, 
including lung, liver, brain, and other organs.^' 

The correlations between the clinicopathological 
parameters and expression of ID proteins were tested using 
the chi-square test. Survival outcomes were estimated using 
the Kaplan-Meier method. Univariate and multivariate Cox 
proportional hazards models were used to determine the 
associations between the clinicopathological parameters and 
the survival outcomes. The multivariate Cox regression model 
was used to calculate the hazard ratios (HRs) and 95% confi- 
dence intervals (CIs), with adjustments for known prognostic 
variables, such as tumor size, histologic grade, lymph node 
status, and other significant variables in the univariate analy- 
sis. The statistical analysis was carried out using SPSS for 
Windows (Version 17.0; SPSS Inc., Chicago, IL, USA). All 
analyses were based on the observed data, with the assump- 
tion that missing data occurred completely randomly. 



Cell culture 

The cell lines used in this study (MCFIOA, ZR-75-1, 
ZR-75-30, T47D, Bcap37, BT549, and MCF-7) were 
obtained from the Shanghai Cell Bank, Type Culture 
Collection Committee (Shanghai Institute of Cell Biology, 
Chinese Academy of Sciences, Shanghai, People's Republic 
of China) and maintained in complete growth medium as 
recommended by the distributor. All cells were cultured in a 
5% CO^ incubator at 37°C. 

Western blot analysis 

Whole cell lysates were generated using Pierce T-PER® Tis- 
sue Protein Extraction Reagent (Thermo Fisher Scientific 
Inc., Waltham, MA, USA) with complete EDTA (ethylene- 
diaminetetraacetic acid)-free Protease Inhibitor Cocktail 
Tablets (F Hoffman-La Roche Ltd, Basel, Switzerland). 
Immunoblotting was done, essentially as described.^" The 
primary antibodies used were as follows: Anti-ID 1 (ID I 
RabMab®; Epitomics, Inc., Burlingame, CA, USA), anti- 
ID2 (ID2 [D39E8] Rabbit mAb; Cell Signaling Technology, 
Inc., Danvers, MA, USA), anti-ID3 (Abgent, San Diego, 
CA, USA), anti-E-cadherin (BD, Biosciences Pharmingen, 
San Diego, CA, USA), and anti-glyceraldehyde 3 -phosphate 
dehydrogenase (GAPDH) (GAPDH [6C5] mAb; Bioworld 
Technology, Inc., Minneapolis, MN, USA). The quality of 
loading and transferring was assessed by immuno staining 
with the GAPDH antibody. The dilutions for the antibodies 
were as follows: 1:1000 for IDl, 1:2000 forID2, 1:1000 for 
ID3, 1 : 1000 for E-cadherin, and 1 :2000 for GAPDH. 

Plasmid constructs 

The human full-length coding sequences of IDl, ID2, and 
ID3 were cloned using a standard reverse-transcription 
polymerase chain reaction (RT-PCR) protocol (Takara Bio 
Company, Dalian, Japan). ^' Retroviral expression constructs 
for hemagglutinin epitope (HA)- and Flag-tagged IDl, ID2, 
and ID3 were generated with pDEST-MSCV via the Gate- 
way recombination system,^^ using murine stem cell virus 
(MSCV) vectors as described in a previous study. The plas- 
mid construct for the E-cadherin promoter fragment (—1333 
to +47) was generated with pGL3-Basic Vector (Promega 
Corp, Madison, WI, USA). This constructed plasmid was 
subsequently used for the Dual-Luciferase® Reporter Assay 
(Promega Corp). 

Immunofluorescence 

MCFIOA cell lines that stably expressed with the IDl, 
ID2, and ID3 proteins were stained with antibodies against 
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E-cadherin. The cells were fixed with 4% paraformaldehyde 
at room temperature (RT) for 30 minutes. The cells were then 
permeabilized with 0.2% Triton^M X-100 (Sangon Biotech, 
Shanghai, China), on ice, for 5 minutes and blocked with 
PBS with 1% bovine serum albumin (BSA; Sigma, CA, 
USA) at RT for 1 hour. The cells were then incubated with 
the E-cadherin antibody diluted to 1 ;200 at RT for 2 hours, 
and then with Alexa Fluor* 488 F(ab')2 Fragment of Goat 
Anti-Mouse immunoglobulin (Ig)G (H + L) secondary 
antibody (Life Technologies Corp, Carlsbad, CA, USA) the 
next day for 45 minutes at room temperature. The samples 
were protected from light during both antibody incubation 
periods. Finally, 4',6-diamidino-2-phenylindole (DAPI) (Life 
Technologies Corp) was added to the slides, and they were 
observed under a fluorescent microscope. 

Dual-luciferase reporter assay 

293T cells (8x10^ per well) were seeded in a 96-well plate 
the day before transfection and were transfected with HA 
and Flag-tagged IDl, ID2, ID3 or control pDEST vectors 
(200 ng/well), Renilla Luciferase Control Vector (pRL-TK; 
Promega Corp) (20 ng/well), and pGL3 -Basic Vector con- 
taining E-cadherin promoter region (200 ng/well). After 48 
hours of transfection, the ratio of Renilla to firefly luciferase 
was determined using the dual-luciferase reporter assay 
system. 

Migration assay 

For the migration assays, transwell inserts with an 8 |J,m pore 
size were placed in 24-well plates with 500 |J,L MCF 1 OA cul- 
ture medium with added fetal calf serum. Then, the MCF 1 OA 
cells stably expressing HA and Flag-tagged IDl, ID2, and 
ID3 were diluted to 5x10"* cells/mL with MCF 1 OA culture 
medium without serum. A total of 200 jlL of cell suspension 
was added to the plates, and the cells were cultured in a 5% 
COj incubator at 37°C for 13 hours. Then, the cells were fixed 
with methanol for 20 minutes, and 500 jlL 0. 1 % crystal violet 
(Sangon Biotech) was added to each well. The samples were 
then incubated for 30 minutes. Five high-resolution fields 
of each chamber were randomly selected, and the number 
of cells was counted using an inverted microscope (Leica, 
Wetzlar, Germany). 

Real-time polymerase chain 
reaction (PGR) 

Total RNA was extracted using TRIzol® reagent (Life 
Technologies Corp). Reverse-transcribed complementary 
DNA was synthesized with the One-step RT-PCR Master 



Mix RT-PCR Quick Master Mix (Toyobo Co, Ltd, Osaka, 
Japan). Real-time PCR was performed with a SYBR 
Green* Realtime PCR Master Mix-Plus kit (Toyobo Co, 
Ltd). The real-time PCR was performed using ABI Prism® 
7500 Sequence Detection System (Life Technologies 
Corp). The primers were selected from the primer bank 
(Table SI). All primers used were synthesized by Life 
Technologies Corp. The total volume of the real-time 
PCR was 50 jlL, containing 5 jlL of complementary (c) 
DNA, 25 uL SYBR® Green Realtime PCR Master Mix- 
Plus-, 5 uL plus solution, and 4 uL primer mix, while 
the total volume of 50 jiL was achieved by addition of 
distilled water. The cycling conditions were set as fol- 
lows: an initial denaturation at 95°C for 60 seconds, 40 
cycles at 95°C for 15 seconds, 60°C for 60 seconds, and 
the melting curve. 



IDl expression ID2 expression ID3 expression 




0.0 I . 0.0 I 

0 50 100 150 0 50 100 150 

DFS time (months) DFS time (months) 




0.0 1 0.0 I 

0 50 100 150 0 50 100 150 

DFS time (months) DFS time (months) 



Figure I The expression profiles of ID proteins were determined in breast tumors 
via immunohistochemistry. (A) Representative photomicrographs of positive 
immunohistochemical staining for IDl, ID2, and ID3 proteins in breast cancer tissues 
are illustrated (magnification, 40x and 200x). (B) Kaplan-Meier estimates illustrating 
DFS, by expression level, for IDl, ID2, ID3 and breast cancer— positive for all ID 
proteins (including I, 2, and 3). 

Abbreviations: DFS, disease-free survival; ID, inhibitors of DNA binding. 
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Results 

Immunohistochemistry detection 
of ID proteins in breast cancer 

To achieve the expression profiles of ID proteins (IDl, ID2, 
and ID3) in breast cancers, we first evaluated their expressions 
using immunohistochemical analyses, via TMAs containing 
specimens from 250 breast cancer patients with a follow-up 
of at least 5 years. These patients were diagnosed with 
invasive ductal breast cancer, which was revalidated by at 
least two pathologists. Positive staining for the ID proteins 
was observed mainly in the nuclei of the breast cancer cells 
(Figure lA). 

Patient characteristics and ID expression 

Among all the clinical characteristics, we found that both 
ID2 and ID3 were significantly correlated with ER status 
(P=0.016 andP=0.006, respectively) (Table 1). 



The E-cadherin expression was also, unexpectedly, found 
to be negatively correlated with ID2 expression (_P=0.020, 
Pearson's 7?=-0.155) (Table 1). E-cadherin is a single-pass 
transmembrane glycoprotein that mediates homophilic 
cell-cell interactions." The loss of E-cadherin can lead to 
the transition to a more motile and invasive phenotype.^* 
The expression of ID2 and E-cadherin in serial sections of the 
same specimen is illustrated in Figure S 1 . 

ID2 was identified as a significant 
prognostic factor in breast cancer 
patients, especially in triple-negative 
breast cancers 

When we applied survival analysis for DFS by 
Kaplan-Meier analysis, we found ID2 predicted poor 
prognosis (P=0.013), while IDl and ID3 did not {P=0A15 
and /'=0. 924, respectively). Then we analyzed the survival 



Table I Correlation of ID protein expression with clinicopathologic features and E-cadherin expression in breast cancer patients 



Characteristics 


IDl 








ID2 








iD3 








Low 


High 


Total 


P-value 


Low 


High 


Total 


P-value 


Low 


High 


Total 


P-value 


Age 








NS 








NS 








NS 


<S0 yrs 


33 (14.2%) 


65 (28.0%) 


98 




24 (10.4%) 


74 (32.0%) 


98 




70 (30.6%) 


27(1 1.8%) 


97 




2:50 yrs 


58 (25.0%) 


76 (32.8%) 


134 




38 (16.5%) 


95 (41.1%) 


133 




108(47.2%) 


24(10.5%) 


132 




NA 






18 








19 








21 




Menopausal status 








NS 








NS 








NS 


Pre 


56 (23.9%) 


48 (20.5%) 


104 




37 (15.1%) 


70 (28.6%) 


107 




77 (33.3%) 


25 (10.8%) 


102 




Post 


68(29.1%) 


62 (26.5%) 


130 




41 (16.7%) 


97 (39.6%) 


138 




103 (44.6%) 


26 (1 1.3%) 


129 




NA 






16 








5 








19 




Tumor size 








NS 








NS 








NS 


£2 cm 


37(16.2%) 


70 (30.7%) 


107 




25 (1 1.1%) 


81 (35.8%) 


106 




77 (34.4%) 


28 (12.5%) 


105 




>2 cm 


52 (22.8%) 


69 (30.3%) 


121 




36 (15.9%) 


84 (37.2%) 


120 




97 (43.3%) 


22 (9.8%) 


199 




NA 






22 








24 








26 




Node status 








NS 








NS 








NS 




51 (21.8%) 


91 (38.9%) 


142 




41 (17.6%) 


98 (42.1%) 


139 




110(47.6%) 


34(14.7%) 


144 




+ 


41 (17.5%) 


51 (21.8%) 


92 




21 (9.0%) 


73 (3 1 .3%) 


94 




70 (30.3%) 


17(7.4%) 


87 




NA 






16 








17 








19 




ER status 








NS 








0.016* 








0.006* 




1 10 (47.6%) 28 (12.1%) 


138 




65 (27.8%) 


78 (33.3%) 


143 




46(19.7%) 


93 (39.9%) 


139 




+ 


70 (30.3%) 


23 (10.0%) 


93 




27 (1 1.5%) 


64 (27.4%) 


91 




16(6.9%) 


78 (33.5%) 


94 




NA 






19 








16 








17 




HER-2 status 








NS 








NS 








NS 




57 (24.4%) 


91 (38.9%) 


148 




41 (17.6%) 


105 (45.1%) 


146 




1 18(51.1%) 


29 (12.6%) 


147 




+ 


35 (15.0%) 


51 (21.8%) 


86 




21 (9.0%) 


66 (28.3%) 


87 




62 (26.8%) 


22 (9.5%) 


84 




NA 






16 








17 








19 




Tumor stage 








NS 








NS 








NS 


1, II 


81 (41.3%) 


60 (30.6%) 


141 




55 (26.8%) 


93 (45.4%) 


148 




123 (62.4%) 


18 (9.1%) 


141 




III 


37(18.9%) 


18 (9.2%) 


55 




27 (13.2%) 


30 (14.6%) 


57 




48 (24.4%) 


8 (4.1%) 


56 




NA 






54 








45 








53 




E-cadherin 








NS 








0.020« 








NS 




1 1 (4.9%) 


17(7.6%) 


28 




2 (0.9%) 


24 (10.7%) 


26 




25 (1 1.2%) 


3 (1.3%) 


28 




+ 


76 (33.8%) 


121 (53.8%) 


197 




58 (25.8%) 


141 (62.7%) 


199 




150 (67.0%) 


46 (20.5%) 


196 




NA 






25 








25 








26 




Notes: P-value was 


calculated usinj 


I two-sided 


test. *P£ 


;0.05; SPearson'sR=-O.I55. 

















Abbreviations: ER, estrogen receptor; HER-2, human epidermal growth factor receptor 2; ID, inhibitor of DNA-binding; NS, not significant; NA, not available. 
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Table 2 Univariate and multivariate survival analysis of ID2 


expression in E-cadherin-negat 


ve breast cancers 




Variable 


Disease-free survival 












Mv 




HR (95% CI) 








Age 


I.OOl (0.593-1.690) 


0.996 


— 




Menopause status 


1.426 (0.838-2.424) 


0.191 


— 




Tumor size 


1.253 (0.731-2.150) 


0.41 2 






Lymph node status 


3.301 (1.931-5.643) 


<0.00l* 


3.151 (1.820-5.456) 


<0.00l* 


ER status 


1.240 (0.739-2.082) 


0.415 


— 


— 


HER-2 status 


0.941 (0.556-1.593) 


0.822 


— 




Pathological stage 


1.759 (0.998-3.099) 


0.05 1 






IDI 


1.269 (0.714-2.255) 


0.417 






ID2 


2.633 (I.I 92-5.8 15) 


0.017* 


2.358 (1.065-5.2 18) 


0.034* 


ID3 


0.971 (0.527-1.789) 


0.924 






E-cadherin 


0.562 (0.274- I.I 51) 


0.1 15 







Notes: P-value was calculated by two-sided test. *P<0.05. 

Abbreviations: CI, confidence interval: ER, estrogen receptor; HER-2, human epidermal growth factor receptor 2; HR, hazard ratio; ID, inhibitors of DNA binding; 
Mv, multivariate analysis; Uv, univariate analysis. 



of breast cancers which were positive for all ID proteins 
(including 1, 2, and 3) and found that there was no sig- 
nificance (P=0.940) (Figure IB). In the univariate analysis 
using the Cox regression model, the lymph node status and 
ID2 expression level were significantly associated with the 
DFS. All significant factors were included in the multivari- 
ate model. Both the lymph node status and ID2 expression 



level were shown to be independent predictors for DFS (HR 
=3.151; 95% CI: 1.820-5.456, /'<0.001; and HR =2.358; 
95% CI: 1.065-5.218, P=0.034, respectively) (Table 2). 
Given their biologic relevance, we included the ER status, 
HER-2 status, and E-cadherin expression in the Cox model, 
although these factors were not statistically associated 
with DFS in the univariate analysis. The inclusion of these 




20 40 60 80 100 120 140 

DFS time (months) 



20 40 60 80 100 120 140 

DFS time (months) 



ID2 low 
ID2 high 




DFS time (months) 



DFS time (months) 



Figure 2 DFS curves of high or low ID2 expression according to breast cancer subtypes: luminal-A (A), luminal-B (B), HER-2+ (C), and triple-negative (D). The prognostic 
value of ID2 was most significant for DFS, among patients with TNBC, (P^O.009). 

Abbreviations: DFS, disease-free survival; HER-2, human epidermal growth factor receptor 2; ID, inhibitor of DNA-binding; TNBC, triple negative breast cancer. 
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parameters did not change the association between the two 
prognostic factors and survival. 

We also analyzed the relationship between ID2 expression 
and survival according to the different breast cancer subtypes 
(according to 2011 St Gallen consensus) (Figure 2A-D)." 
Among the four subtypes, the prognostic value of ID2 was most 
significant, among patients with TNBC, for DFS (P=0.009). 

The enforced expression of ID proteins 
reduces the expression of E-cadherin 
in mammary epithelial cells 

As ID2 was analyzed to be negatively correlated with E-cad- 
herin expression in breast cancer tissues, we further explored 
the internal relevance between the ID proteins and E-cadherin 
in breast cancers. We assessed the expression levels of IDl, 
ID2, and ID3 in nine common mammary cell lines, at both 
the transcription level and translational level (Figure S2A and 
S2B), to obtain a comprehensive overview of their expression 



profiles. The results showed that ID2 exhibited a low expres- 
sion level in MCF 1 OA, which was a benign breast cell line, 
and high levels in a few malignant breast cell lines. 

As we found that the expression of ID2 was negatively cor- 
related with E-cadherin expression in breast tumor tissues, we 
fiirther explored whether ID proteins could regulate the expres- 
sion of E-cadherin. As shown in Figure 3A, we successfiilly 
constructed the IDl, ID2, and ID3 overexpression stable cell 
lines in the MCF 1 OA cells. Interestingly, the ectopic expression 
of IDl, ID2, and ID3 markedly suppressed the expression of 
E-cadherin, compared with the control stable cell line, at both the 
transcriptional (Figure 3B) and translational level (Figure 3C). 

ID proteins are known as negative regulators of bHLH 
transcription factors, which means they may exert inhibitory 
influence on promoters of target genes. Based on the newly 
identified negative correlation between ID proteins and 
E-cadherin in our above analysis, we hypothesized that ID 
proteins might affect the promoter activity of E-cadherin. 
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Figure 3 ID proteins inhibit E-cadherin expression in breast cells. 

Notes: (A) Western blot analysis of MCF I OA cells with stable expression of IDl, ID2, or ID3. (B) Real-time PGR analysis of E-cadherin mRNA abundance in cell lines in 
(A). (C) Western blot analysis of E-cadherin protein abundance in cell lines in (A). (D) Assessment of E-cadherin promoter activity, using luciferase reporter assays, in 
HEK293T cells. The 1.38 kb DNA sequence containing E-cadherin promoter region was cloned upstream of the luciferase gene in a reporter construct {top image). The 
relative luciferase activities of luciferase reporters with E-cadherin promoter were determined in HEK293T cells, which were cotransfected with the IDl, ID2, ID3, and 
control vectors. For (B) and (D, bottom image), data represent mean values, with error bars indicating SEM. **P<0.05; ***P<O.OOI. 

Abbreviations: GAPDH, glyceraldehyde 3-phosphate dehydrogenase; ID, inhibitor of DNA-binding; mRNA, messenger RNA; PGR, polymerase chain reaction; SEM, 
standard error of the mean; TSS, transcription start site; con, control; HF, HA and Flag; HA, hemagglutinin. 
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We cloned the promoter region sequence of E-cadherin 
(-1333 to +47) into a luciferase reporter plasmid and per- 
formed a dual-luciferase assay (Figure 3D). The results 
suggested that the ID proteins (IDl, ID2, and ID3) could 
inhibit the expression of E-cadherin via indirect repression 
of the promoter activity of E-cadherin. 

The overexpression of IDs increased 
the migratory ability of mammary 
epithelial cells 

The repression of E-cadherin can result in the loss of adhe- 
rens junctions, lateral cell-cell contact, and cytoskeletal 
rearrangements, resulting in increased cell motility. In 
this study, we observed significant phenotypic changes in 




c{> o"^ <^ ^ DFS time (months) 

.^s^ 



Figure 4 The overexpression of ID proteins increases the migration ability of 
mammary epithelial cells. 

Notes: (A) Immunofluorescence analysis of E-cadherin expression in MCF I OA cells 
overexpressing ID proteins (E-cadherin is shown by the red arrows). (B) Migration 
assays exhibited that overexpression of ID proteins elevated the migration ability in 
MCF I OA cells. (C) Statistic analysis of (B). (D) DFS of the combination of ID2 and 
E-cadherin expression. All patients were classified into four subgroups: E-cadherin+/ 
ID2 low (n=58); E-cadherin-/ID2 low (n=2); E-cadherin+/ID2 high (n=l34); 
E-cadherin-/ID2 high (n-22). For (C), the data represent mean values, with error 
bars indicating SEM. (***P<0.00 1 ). 

Abbreviations: DFS, disease-free survival; ID, inhibitor of DNA-binding; SEM, 
standard error of the mean; con, control: HF, HA and Flag: HA, hemagglutinin. 



MCF 1 OA cells with exogenous ID proteins. Specifically, 
the cells were more spindle-like and less inclined to clus- 
ter (Figure 4A). We further examined the abundance of 
E-cadherin in these stable cell lines by immunofluorescence. 
As illustrated in Figure 4A, compared with the controls, the 
overexpression of ID proteins abolished E-cadherin staining 
at the intercellular adherens junctions. 

Next, we carried out a migration assay to investigate 
the consequences of this change on the migratory ability 
of mammary epithelial cells. An increased migration was 
observed in the stable cell lines with exogenous ID proteins 
(Figure 4B and C). 

Combination of ID2 and E-cadherin 
expression predicted risk of breast 
cancer patients 

As we investigated that ID2 inhibited E-cadherin expression, 
we combined the expression of ID2 and E-cadherin. Then 
all patients were classified into four subgroups: E-cadherin- 
positive/ID2 low expression (n=58); E-cadherin-negative/ID2 
low expression (n=2); E-cadherin-positive/ID2 high expres- 
sion (n=134); and E-cadherin-negative/ID2 high expression 
(n=22). The DFS curves of these four groups are shown in 
Figure 4D {P=0.023). Patients with E-cadherin-positive and 
low ID2 expression had a low risk of relapse, with a DFS 
of 91.4%, whereas the DFS for patients with E-cadherin- 
negative and high ID2 expression was 68.2%. 

Discussion 

ID proteins are bHLH proteins that lack a basic DNA-binding 
region, while E proteins are bHLH transcription factors 
that contain this basic DNA-binding domain.'^ E proteins 
have been reported to function by forming homodimers 
or heterodimers with class 2 basic HLH (bHLH) proteins, 
including ID proteins, where the former function as transcrip- 
tion activators, while the latter act as transcription activators 
or repressors.^* 

It is well known that epithelial cell polarity, which is 
also called "asymmetry", is necessary for tissue function 
and when altered, can promote malignant progression 
of cancer cells. '^-^ Repeated studies have reported that 
E-cadherin played an important role in the establishment 
of epithelial cell polarity^^-^' and that its loss would cause 
losses in adhesions and cell polarity, which could result in 
increased mobility, invasiveness, and migration. Studies 
also reported that loss of or low level of E-cadherin was 
associated with poor prognosis in breast cancer. Here, 
we examined the E-cadherin expression profile in normal 



submit your manuscript | www.dovepress.com 
Dovepress 



OncoTargets and Therapy 2014:7 



Dovoress 



ID2 predicts poor prognosis in breast cancer 



and malignant breast tissues and confirmed that it exhibited 
a lower expression level in malignant than in normal breast 
tissues (Figure S3). 

A previous study has reported that patients with strong 
or moderate IDl expression had a significant shorter OS 
(/'=0.003, Cox regression) and DFS (P=O.Ol, Cox regression) 
compared to those with absent or low IDl expression. The 
authors concluded that IDl was a predictor of poor progno- 
sis in node-negative breast cancer."^ However, in our cohort, 
we found that IDl expression was slightly decreased in 
breast tumors and did not serve as a prognostic factor in the 
DFS analysis. Interestingly, ID2 protein was significantly 
upregulated in breast cancer tissues and found to be a 
significant prognostic factor for poor outcome in breast cancer 
patients (/'=0.013). Moreover, ID proteins were revealed to 
be negatively correlated with the abundance of E-cadherin. 
Also, the multivariate Cox regression analysis supported that 
ID2 was an independent, significant prognostic factor for poor 
prognosis in breast cancer patients (P=0.034). 

As was shown in our results, we analyzed the DFS in 
different breast cancer subtypes. ID2 was found to be most 
significant, among patients with TNBC, for DFS (P=0.009). 
TNBC is the collection of tumors that lack ER, progesterone 
receptor, and HER-2 expression, which occupy 15%-20% 
of all breast cancers. TNBC is generally more aggressive, 
has higher rates of relapse, and decreased overall survival 
in metastatic disease.*' However, there are rare biomarkers 
reported to be predictive for TNBC prognosis. Our findings 
indicate that ID2 is a prognostic biomarker for TNBC. 

Cell polarity is well known to be important for the nor- 
mal function of epithelial cells. The establishment of cell 
polarity is a complicated process in which the recruitment of 
E-cadherin to the cell cortex plays a crucial role.'^ " Studies 
have reported that loss of E-cadherin could interfere with 
the establishment of cell polarity, which has been report 
to be associated with loss of the polarized characteristics, 
hyperproliferation, and enhanced migratory activity.*"* 
Here, we demonstrated that ID proteins could cause the 
loss of E-cadherin ID proteins in breast epithelial cells. Our 
migration assay also showed an evident increase in migration 
activity in the stable cell lines with exogenous ID proteins 
(P<0.05). Thus, ID2 may affect cell polarity, inducing loss of 
the polarized characteristics and enhancement of migration, 
by abolishing E-cadherin expression. 

As far as the precise mechanism by which ID proteins 
regulate E-cadherin expression is concerned, we postulated 
that ID proteins may regulate E-cadherin by suppressing its 
promoter activity. Bioinformatics analysis showed that there 



were a few E-box elements located in the E-cadherin promoter 
region. The results of dual-luciferase reporter assay confirmed 
our hypothesis that ID proteins could suppress the promoter 
activity of E-cadherin. Considering that ID proteins can bind 
to bHLH transcription factors to form heterodimers and fiinc- 
tion as dominant negative regulators of these transcription 
factors, these ID-targeted bHLH transcription factors are still 
to be fiiUy elucidated. Then, we combined the expression of 
ID2 and E-cadherin to carry out a survival analysis for DFS. 
This survival analysis was significant among the four sub- 
groups (P=0.023). The risk for the subgroup of E-cadherin- 
negative and high ID2 expression was much higher than that 
for E-cadherin-positive and low ID2 expression. 

In our study, we noticed that IDl, ID2, and ID3 could all 
reduce E-cadherin abundance in stable cell lines, while only 
ID2 was proved to be inversely correlated with E-cadherin 
in breast cancer specimens. We can take it into consideration 
that only the expression of ID2 was upregulated in the breast 
tumors, in comparison with ID 1 and ID3 . It will be interesting 
to further explore the underlying molecular mechanisms that 
result in ID2 overexpression in breast cancer. 

Conclusion 

Our study provided both clinical and mechanistic evidence 
uncovering a negative correlation between the expression of 
ID2 protein and E-cadherin abundance. Notably, ID proteins 
proved to be a significant prognostic factor for poor prog- 
nosis in breast cancer patients, especially in TNBC patients. 
In addition, ID proteins suppressed E-cadherin expression 
significantly, thus increasing the migration ability of mam- 
mary epithelial cells and influencing ID2's prognostic value 
in combination with E-cadherin expression. In this regard, 
we postulate that ID2 protein could be a new promising bio- 
marker of poor prognosis for patients with breast cancer. 
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Table SI Real-time PCR primers 



Serial sections of breast tumor 



ID I forward primer 
ID I reverse primer 
ID2 forward primer 
ID2 reverse primer 
ID3 forward primer 
IDS reverse primer 
E-cadherin forward primer 
E-cadherin reverse primer 
GAPDH forward primer 
GAPDH reverse primer 



CCGGTCTCATTTCTTCTCGT 

TCGGTCTTGTTCTCCCTCAG 

CTGGACTCGCATCCCACTAT 

CACACAGTGCTTTGCTGTCA 

ACTCAGCTTAGCCAGGTGGA 

AAGCTCCTTTTGTCGTTGGA 

CGAGAGCTACACGTTCACGG 

GGGTGTCGAGGGAAAAATAGG 

GGTGGTCTCCTCTGACTTCAACA 

GTTGCTGTAGCCAAATTCGTTGT 



Abbreviations: ID, inhibitor of DNA-binding; GAPDH, glyceraldeiiyde 3-phospiiate 
dehydrogenase; PCR, polymerase chain reaction. 




Serial sections of breast tumor 




Figure S I Representative images of breast cancer tissues showing inverse 
expression patterns of E-cadherin and ID2. Serial sections of the same samples of 
breast tissues are illustrated. 
Abbreviation: ID, inhibitor of DNA-binding. 
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Figure S2 Tiie expression profile of ID in breast cell lines examined by (A) real-time PCR and (B) western blot. 

Abbreviations: ID, inhibitor of DNA-binding; GAPDH, glyceraldehyde 3-phosphate dehydrogenase; PCR, polymerase chain reaction. 




Figure S3 The expression profile of E-cadherin in breast tissues. 

Note:***P<O.OOI. 

Abbreviation: SI, staining index. 
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